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NTF DESIGN CRITERIA 
FOR 9% NICKEL 


GENERAL 


THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT 
SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE 
VESSEL CODE, SECTION VIII, DIVISION 1. SINCE DIVISION 1 DOES NOT 
CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES 
WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE 
CONE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD- 
SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT 
AREAS, THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION (RING 
S8) OF THE TUNNEL. THE DIVISION 1 DESIGN CALCULATIONS, THE 
ADDITIONAL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS 
OF THE ADDITIONAL ANALYSES TO ENSURE COMPLIANCE WITH THE INTENT OF 
DIVISION 1 REQUIREMENTS ARE CONTAINED IN THE TEXT OF THIS REPORT. 
THE DESIGN ANALYSES AND ASSOCIATED CRITERIA CONSIDERED BOTH iHE 
OPERATING AND HYDROSTATIC TEST CONDITIONS. 

IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE 
PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE 
ASME CODE, SECTION VIII, DIVISION 2. 


) 


material 

THE PRESSURE SHELL MATERIAL SHALL BE ASME, SA-553-1 FOR PLATE AND 
SA-522 FOR FORGINGS. THE MATERIAL PROPERTIES AT TEMPERATURES 
EQUAL TO OR BELOW 150°F ARE AS FOLLOWS: 


(A) PLATE, 2.0 INCHES OR THINNER 

YIELD = 85.0 KSI 
ULTIMATE =100 KSI 

(B) WELDS (AUTOMATIC AND SEMIAUTOMATIC) 

YIELD = 52.5 KSI 
ULTIMATE = 95.0 KSI 

(C) WELDS (HAND) 

YIELD = 58.5 KSI 
ULTIMATE = 95.0 KSI 


APrRATING. nrSIGN AND T EST CONDITIONS 


^SlL™ifs6c?Ai™SYS?ESi®L“ESE^ Se SiId b1lOW:“ 

1. OPERATING MEDIUM 

ANY MIXTURE OF AIR AND NITROGEN 
2 DESIGN TEMPERATURE RANGE 

WHTPH THE TEMPERATURE RANGE IS MINUS 320 DEGRLhb 
MRENHEIT TO PLUS 200 DEGREES FAHRENHEIT. 

3. PRESSURE RANGE 


TUNNEL 

CONFIGURATION 

A, CONDITION I - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL OPERATING: 

TUNNEL CIRCUIT 
EXCEPT PLENUM 

PLENUM (PLENUM PRESS- 
URE IS LIMITED TO 
.4 TO 1 TIMES THE 
REMAINDER OF THE 
TUNNEL CIRCUIT 

BULKHEAD 

B. CONDITION II - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL SHUTDOWN: 

ENTIRE TUNNEL CIRCUIT 


OPERATING 

PRESSURE 

range, psia 


8.3 to 130 


3.3 to 130 


DESIGN 

PRESSURES 

PSID 


A. 8 EXTERNAL 

B. 119 INTERNAL 

A. 15 EXTERNAL 

B. 119 INTERNAL 


56 (EXTERNAL TO PLENUM) 


8.3 to 130 


A. 8 EXTERNAL 

B. 119 INTERNAL 


BULKHEAD 


0 


C. CONDITION III - PLENUM 
ISOLATION GATES AND 
ACCESS DOORS CLOSED: 

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A. 8 EXTERNAL 
PLENUM B. 119 INTERNAL 


PLENUM (PLENUM OPER- 0 to 130 A. 15 EXTERNAL 

ATING PRESSURE CAN B. 119 INTERNAL 

EXCEED THE PRESSURE 

IN THE REMAINDER OF 

THE TUNNEL CIRCUIT BY 

24 PSI, BUT DOES NOT 

EXCEED THE 130 PSIA 

MAXIMUM OPERATING 

PRESSURE) 


BULKHEAD A. 25 (INTERNAL TO 

PLENUM) 

B. Il9 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES 
FAHRENHEIT TO 
PLUS 150 DEGREES 
FAHRENHEIT 


-C. 110.5 (EXTERNAL TO 
PLENUM) FOR PLUS 
151 DEGREES 
FAHRENHEIT TO PLUS 
200 DEGREES 
FAHRENHEIT 


•'OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN 

D. CONDITION IV - PLENUM 
ISOLATION GATES CLOSED 
AND ACCESS DOORS OPEN: 

TUNNEL CIRCUIT EXCEPT 
PLENUM 

PLENUM 

bulkhead 


8.3 to 130 
14.7 


A. 8 EXTERNAL 

B-. 119 INTERNAL 

0 

A. 119 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES FAHRENHEIT 
TO PLUS 150 DEGREES 
FAHRENHEIT 

*B. 110.5 (EXTERNAL TO 
PLENUM) FOR PLUS 151 
DEGREES FAHRENHEIT TO PLUS 
200 DEGREES FAHRENHEIT 


’■'OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 


4. hydrostatic test design conditions 

T>wp prt^^ure shell was designed for hydrostatic test tn 

IScoScE WITH THE REQUIREMENTS OF THE ASME CODE SECTION 

UTTT division 1. the test pressures shall be as follows, 
pressure shell temperature shall be equal to or below ^ 

100°F DURING HYDROSTATIC TESTS. 

CONDITION (1) “ MAXIMUM INTERNAL PRESSURE CONDITION 
FOR THE ENTIRE TUNNEL CIRCUIT 


PH =1.5 (119) + HYDROSTATIC HEAD 

1 =178.5 PSI + HYDROSTATIC HEAD 

CONDITION (2) - MAXIMUM DIFFERENTIAL PRESSURE CONDITION 
ACROSS THE PLENUM BULKHEADS 

PH = 1.5 (119) + HYDROSTATIC HEAD 
^ = 178.5 + HYDROSTATIC HEAD 

PH * = 1.5 ail. 5) (flti) + HYDROSTATIC HEAD 

= 178.5 + HYDROSTATIC HEAD 

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE 
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF _ 

110.5 PSI FOR BULKHEAD AND GATE TEMPERAT'jRhS la ^X-i:.SS 

OF 150°F. 

CONDITION (3) - MAXIMUM REVERSE DIFFERENTIAL PRESSURE CONDITION 
ACROSS THE PLENUM BULKHEADS 


PH, 


1.5 (25) = 37.5 PSI 


rruT drtcjoitpf L except for the plenum SHALL BE PRESSURIZED TO 

?HE PLENSfimLrBE PRESSURIZED TO 178.5 PSIG. 

RESSURE SHELL STRESS EVALUATION C RITERIA 

reIsuSIhell^IHt^will S™T^Sf LceId^all'^of^m^^ 

f SECTION VIII. DIVISION 1 OF THE ASME BOILER AND P^^^ 

ODE AND CAN BE STAMPED WITH A DIVISION 1 ”U’ STAIIP. 


i 


1 SECTION VIII j DIVISION Ij DIRECT APPLICATION 

A. THE MAXIMUM ALLOWABLE STRESS (S) 

S = 23.7 KSI (-320°F TO +150°F) 

S = 22.2 KSI (-320°F TO +200°F) 

(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES 

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY 
S^raERED IN SECTION VIII, DIVISION 1 DESIGNS. 
HDWFUFR FOR THE PURPOSE OF DESIGNING LOCAL 
REINFOMEMENT AT BRACKETS, RINGS OR PENETMTIONS NOT 
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE 
LOCAL SHELL MEMBRANE STRESS SHALL BE; 

P^ + P <1.5 SE 
b m — 

NOTE: E IS JOINT EFFICIENCY 

2 IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES 

Sot contain roles to cover all details of design « 

U-2(e)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING IHE 
SUHELWES OF THE ASME CODE, SECTION VIII, DIVISION 2 
APPPMFTY u ’’design based on STRtSS ArlALYSIS. TH_ 

F?RES? CRITERIA FOR DIVISION 2 IS REPRESENTED IN FIGURE 
?-130 1 Sd ROTATED BELOW INDICATING ANY MODIFICATIONS 
OR EXCESS REQUIREMENTS APPLIED TO IT TO REMAIN wIxHl-^ 
?St1n5 OF DIVISION 1 AND TO OBTAIN A DIVISION 1 STAMf. 

A. GENERAL PRINCIPAL MEMBRANE STRESS 

MAXIMUM ALLOWABLE STRESS 

S = 23.7 KSI (-320°F TO +150°F) 

S = 22.2 KSI (-320°F TO +200°F) 

maximum ALLOWABLE STRESS INTENSITY 

S = 31.7 KSI (-320°F TO +200°F) 
m 

B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY 


P < S 
m ^ 


m 


AND IN' ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM 
PRINCIPAL MEMBRANE STRESS MUST BE: 

V * <S : . 

m — 

NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL 

STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING 
CONDITION. THE INTENT. IS TO DETERMINE THE STRESSES WHICH 
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WHICH 
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS. 


DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS 
INTENSITY 


) 




NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN 

ACCORDANCE WITH DIVISION 2, 

APPENDIX 4-112(1). THE TOTAL ME RIDI ONAL 
LENGTH IS CONSIDERED TO BE 1.0 "YRT .' 

DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY 
BENDING STRESS INTENSITY 


OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS 
INTENSITY 



Pl ^ 

COMMENT 


BECAUSE OF THE LOW YIELD STRENGTH EXPECTED AT THE 
WELDS AS COMPARED TO THE YIELD STRENGTH OF THE 
PLATE, STRESS INTENSITIES COMPUTED IN (A), (B), (C), 
(b), OR (E) SHALL NOT EXCEED THE YIELD STRENGTH OF 
THE MATERIAL AT EITHER WELD OR PLATE LOCATIONS. 


A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH 
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION. 

HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS 

A. PRESSURE SHELL 

IN ACCORDANCE WITH DIVISION I OF THE ASME CODE, 
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE 
HYDROSTATIC TEST CONDITION IS NOT REQUIRED. 
HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY 
engineering design for THE PRESSURE SHELL THE 
FOLLOWING CRITERIA WAS USED: 

(a) THE MAXIMUM GENERAL MEMBRANE STRESS 
PERPENDICULAR TO A WELD LINE WAS 
LIMITED TO THE LESSER OF: 

P * < 0.8 WELD YIELD STRESS 
m — 

OR ■ 

P * < 0.5 WELD ULTIMATE STRESS 
m — 


XX 


(b) THE GENERAL PRINCIPAL MEMBRANE STRESS IN THE 

PLATE (NOT AT A WELD) WAS LIMITED TO THE LESSER 
OF: 

P * < 0.8 PLATE YIELD STRESS 
■ m — 

P * < 0.5 PLATE ULTIMATE STRESS 

m — 

(*) THE STRESSES SATISFYING THIS CRITERIA ARE 
BASED ON MAXIMUM MEMBRANE STRESSES 
RATHER THAN INTENSITY CRITERIA. 
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Table 17. Selected Thermal Properties of Some Steels 
(See also Tables 5A and 5B, Page 12) 


3>/i% Nickel Steel 


) 

Thermal Expansion Cocificient 

- 

t 

0to+200°F 

6.15 X 10-‘ in,/in./°F 

'■ i 

Thermal Conductivity 


> 

-ISO'F (mean) 

214 Blu/in./hr./ftV°F 

■ f 

+68'F (mean) 

253 Blu/in./hr./UV’F 


+200°F (mean) 

270 Blu/in,/hr,/(lVT 

i 

f 

Specific Heat 



-150to+80=F 

0.798 Btu/lb,/=F 

* 

+80 to +1000-F 

0.147 Btu/lb./°F 


9% Nickel Steel 



Thermal Expansion Coefficient 



At room temperature 

5,8 X 10"‘ in.,/in./T 


-300 toO’Ffavi!.) 

5.3 .x 1(J*‘ in./in./°F ^ l: C if 


-300 to -200'F (avE.) 

5.6x 10-‘in./in./'F 


at -300'F 

4.0 X lO-Mn./jny'-F Z' 


Thermal Conductivity 

1 

1 

-320'F 

91.3 Btu/in,/hr./(lV°F 

1 

-150T. 

169,0 Blu 'in., hr..-'ftV”F 

468 ’F 

189.0 Btu in„-lir. 'll7‘F 1 1 

+200’F 

209.0 Blu.’ in..- hr, HV7 

1 

Specific Heat 


i 

-320 to+80'F 

0.0878 Blu lb,'=F(avg.) 

i 

+80 to + 700'F 

0.119 Blu lb./'F(avg.) 

j 

1 

304 Stainless Steel 



Thermal Expansion Coefficient 


j 

+32 to +212‘F 

9.6 X 10" ‘ in,/in.,/‘F 


-300 to +70'F (mean) 

7.3 X 10-Mn./in./=F 

1 

+ 70 to +I000T (mean) 

lO.Ox 10-‘in./in.ZF 

1 

at -300=F 

5.9 X !0-‘ in./in./’F 

1 

1 

Thermal Conductivity 


} 

1 

-320'F 

56.4 Blu/in./hr,/lt7'F 

1 

-155'F 

90.0 Btu/in./hr./ll7=F 


+70'F 

113.0 Btu,'in./hr./tl7’F 

1 

+ 600-F 

120.0 Blu,'in,/hr,/lt7''F 


Specific Heat, 


1 

-320”F 

0.037 Btu/lb./"F (avg.) 


-150'F 

0.088 Blu/lb./’F (avg.) 

i 

+ 80°F 

0.120B|u.'lb.rF(avg.) 

.1 
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